Lack of accessibility in the design of e-learning courses continues to hinder students with vision impairment. E-learning materials are predominantly vision-centric, incorporating images, animation, and interactive media, and as a result students with acute vision impairment do not have equal opportunity to gain tertiary qualifications or skills relevant to the marketplace and their disability. Due to its logical, rather than physical, nature IT help desk and network administration roles are ideal for people who are blind. This paper describes the development of a fully accessible e-learning environment to deliver advanced IT network curriculum to adults with acute vision disabilities. The components include a virtual classroom, accessible learning materials, a remote computer laboratory, and delivery of the learning materials by vision impaired instructors. Industry standard courses in advanced IT were redeveloped, and the accessible on-line learning environment was developed to deliver the courses. Vision impaired students who excelled in the pilot project were trained as instructors, gaining industry-standard instructor certifications. These instructors were used to assist with the design of accessible methods and delivered the materials to the vision impaired students.
Introduction
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those with a variety of disabilities, and the vision impaired are particularly disadvantaged by the vision-driven online education approach (Harper, Goble, & Stevens, 2001 ). In the context of this discussion the term 'vision impairment' refers to a vision disability resulting in little or no useful vision. In the past this type of disability would have been referred to as blindness. The learning environment developed was designed for students who have acute vision impairment and are medically certified as legally blind.
E-learning approaches in the IT field generally have had mixed success with some authors reporting that student learning was not enhanced by this approach (Sweat-Guy & Wishart, 2008) and others arguing that this mode of instruction is just as effective as face-to-face teaching (Boghikian-Whitby & Mortagy, 2008) and provides increased student learning and satisfaction (Yip, 2004) . While e-learning and web-based applications have opened opportunities for many students, including those with disabilities, they remain primarily vision dependent. In line with the progress in visual technologies there has been a noticeable increase in the use of graphics, images, and animation in the presentation of e-learning materials across the board. The nature of elearning materials in the sciences and technology is predominantly vision-centric, incorporating large amounts of diagrams, color images, visual cues, and animation (Kelley, Sanspree, & Davidson, 2000) . This trend presents the greatest challenge to vision impaired students in engineering and computing disciplines where inability to access the learning materials (Armstrong & Murray, 2007) contributes to the digital divide for students with vision disabilities. This paper describes a project to develop a fully accessible e-learning environment for teaching advanced IT to the vision impaired. This environment consists of accessible e-learning materials, a virtual classroom, and a remote virtual network for the design and testing of computer network architectures. Two totally blind instructors presented the learning materials assisted by a sighted teaching assistant. An international industry-standard training program using reliable online learning delivery was used for testing the technology-driven learning and teaching. The Cisco Network Academy Program (CNAP) computer networking online training program was used as the foundation, converting the associated online materials into formats accessible to people with blindness and acute low vision. The CNAP online courses were chosen as they are industrystandard certification courses, providing the vision impaired students with relevant qualifications currently in demand by employers. IT certifications are highly regarded by employers and provide students with confidence of their abilities (Hunsinger & Smith, 2008) . The CNAP courses also form the basis of several undergraduate courses in a Bachelor of IT program, thus providing articulation into an undergraduate degree for those wishing to continue their studies. Additional components were developed to form a totally integrated e-learning solution for the vision impaired students. The end product offers the vision impaired skills and knowledge in IT networks, industry-standard certification in an area relevant to their disability, and provides a path to further education and employment. The process, methods and tools are explained. Results of an evaluation of the success of the project using student grades achieved and interpretive views of the vision-impaired students are also discussed.
Vision Impairment and Inclusive Education
Equal opportunity legislation in many nations state that people with disabilities have access to the same opportunities as others. Unfortunately there still exists a digital divide that separates people with disabilities from achieving the equal opportunity and equal access they seek. Higher education institutions are increasingly using web pages and Internet resources for essential learning materials, and with the growing number of vision impaired students studying at these institutions accessibility issues are of paramount importance (Thompson, Burgstahler, & Comden, 2003) . However, numerous research projects report the majority of web sites visited are not accessible (Mankoff, Fait, & Tran, 2005; McEwan & Weerts 2007; Thompson et al., 2003) . Inaccessible web materials promote an educational divide where people with disabilities are denied equal access to public education (Kane, Shulman, Shockley, & Ladner, 2007) , and as a result the opportunity for education for people with disabilities is less equal than that for able-bodied people.
As a cohort, people with disabilities are among the least considered in the educational context of online learning (Kinash, Crichton, & Kim-Rupnow, 2004) . Past research has shown that the blind lack intellectual power due to challenges to access and participate in educational institutions (Hogan-Royle, 2006) , with the most significant barriers to inclusivity in education being the lack of inclusive mindset, lack of knowledge about pedagogy, high teaching loads, and lack of time for instructional development (Moriarty, 2007) . Other explanations include web designers having little or no accessibility experience and a lack of information about the best ways to quickly and easily identify accessibility problems (Mankoff et al., 2005) . Accessibility groups are active in research in the challenge to fill these gaps; however, there is a long way to go before accessibility considerations are routinely included at the design stage of online and remote learning web sites.
Vision-centric Learning and Teaching
The dominance of the sense of vision has been the focus of much research (for example, Thesen, Vibell, Calvert, & Osterbauer, 2004 and Spence, Kettenmann, Kobal, & McGlone, 2001) . Of the body's five sensory inputs, vision is the key sense used in learning. Vision also modifies or dominates the interpretation from the other senses where there is variance between the inputs from more than one sense (Shore & Klein, 2001) . Low vision and totally blind students must rely on input from physical senses other than sight; however, most e-learning environments generally assume the learner has sight. Fenrich (2005) suggests that by utilizing simulations, active experimentation, discovery-learning techniques, questioning with feedback, video, animations, and photographs, practical hands-on skills can be taught virtually. This may be the case for sighted students; however, vision impaired students do not have the sight needed to access many of these multi-media sources of delivery. Care needs to be taken with navigation, structure, content design, and communication aspects in online learning environments for students with disabilities (Pearson & Koppi, 2002) .
Before discussing the methods trialed it is important to understand the obstacles faced by students with a severe vision disability studying in the areas of IT, computer science, and computer engineering. The first learning obstacle is the concentration of visual presentation of core learning content. Recent progress in technology has enabled teaching methods to move from predominantly textual forms to visual content and web-based modes of delivery. Many tertiary education institutions now incorporate industry-standard IT courses into their curriculum to aid employment of their graduates. A review of the Cisco and Microsoft e-learning materials reveals large amounts of tabular data, photographs, graphs, and charts in numerous formats (line graphs, bar charts, pie charts, etc), color diagrams, animation, drag and drop, buttons and icons, plus a variety of interaction methods. In most cases the sighted student can easily recognize 'the thousand words' inherent in an image; however, these are seldom supported by either a detailed textual description of the image or a discussion of the message being portrayed. Of concern in specialist fields such as computing are the effects of vision impairment on the student's ability to comprehend essential parts of the curriculum, normally taught using visual means. Education materials in IT-related disciplines traditionally rely heavily on tables and graphics to present essential concepts, methods, and architectures. Blind students cannot see diagrams and low vision students have great difficulty comprehending what is being taught. The challenges of developing learning materials for the vision impaired and interfaces not reliant upon graphics are complex (Sánchez, 2007) . Vision impaired students are increasingly being disadvantaged as teaching environments move to integrate more vision-centric methods of presentation within e-learning materials. In-structional designers need to be cognizant of the difference in needs between totally blind students, students with some useful vision, and students who are sighted.
The second learning obstacle for blind and low vision students is that the majority of web-based content is not designed for assistive technologies, and as a result assistive technologies can be frustrating to use. The assistive technologies readily available to students with severe vision impairments are Braille display devices, screen enlargement software (such as Magic and Zoomtext), and screen reading software that converts text into audio (such as Jaws). These commonly used assistive technologies have limited or no ability to translate graphical images. Computerbased visualization techniques depend almost entirely on high-resolution graphics, and for visionimpaired users the problems of using complex visual displays are great. There are currently only limited methods for presenting information non-visually, and these do not provide an equivalent speed and ease of use to their graphical counterparts. The assistive technologies used by vision impaired and blind students may translate this information incorrectly, or not at all, leading to incomplete, erroneous, or different interpretations of concepts presented. Although research projects in the development of assistive technologies are frequently presented in the literature, the development of haptic, force-feedback, and other sophisticated technologies are still in their infancy, being environment dependent and requiring large amounts of code development and testing. While computer-based learning has opened opportunities for many students with disabilities, it remains primarily vision dependent.
The need to play and experiment in a computer environment is vital to the learning process and presents the third obstacle to those with an acute vision disability. Practical application, in contrast to didactic learning, has been presented as an essential part of the learning process dating back to Aristotle. Learning theories by Kolb, Lewin, and Piaget emphasize the need for practice, claiming experience assists in the assimilation of new knowledge and thus solidifies learning. In many cases vision-centric e-learning materials are designed to replace experiential learning previously achieved by practical application. As students with vision impairment tend to use their memory to a greater extent than their sighted counterparts, practical experience is even more crucial to concrete their learning. Students learn by processing materials via different 'lanes' to the brain (Sprenger, 1999) , and experimenting in a familiar and trusted environment allows blind students to use multiple lanes to the brain, including the physical senses, experiences, and emotional reinforcement, aiding comprehension.
The above learning obstacles, together with the lack of truly accessible e-learning education and the nature of sight disabilities means higher education and training institutions must move to more relevant multi-modal user interfaces in order to make e-learning materials more accessible to all students.
Methodology
The aim of the project was to present to acutely vision impaired people accessible IT networking training equivalent to that offered to sighted people. As a result the vision impaired would have a greater opportunity to undertake tertiary education and be better skilled for employment in IT roles in industry.
IT network skills are deemed relevant to the vision impaired for several reasons. Firstly, the majority of interaction with networks and computer workstations at the operations level is via command line. Command line uses text input and output, and text is easily converted into audio output by screen reading software. Second, although the physical network may involve wiring, IT networks are logically configured and network management and support is carried out logically via a workstation. This means that vision impaired IT personnel do not need mobility to physically visit the user's workstation to carry out support functions. Finally, as this disability group use computers and the Internet as a lifeline to colleagues and friends, these skills are required to not only support an employer's computer network, but also allow the vision impaired to be less reliant on others to fix their own computer systems.
In order to achieve the aim of the project it was necessary to build a training environment that was fully accessible to the vision impaired and to deliver an IT networking course to these students. Sighted students enrolled in the same course, sitting the same assessments, were used as a control group for purposes of comparison. If the vision impaired students (using redeveloped accessible learning materials and delivery methods) achieved results within 5% of the sighted students (using original learning materials designed for the sighted) then the project would be deemed successful.
A pilot project was carried out to investigate the most effective means of making an IT networking course fully accessible to the vision impaired students. Cisco IT network training courses were chosen as the vehicle for the redevelopment. Cisco networking skills are in high demand and are recognized as an international industry-standard. The pilot project included participants who were totally blind and those with a small amount of usable vision; however, all were classified as legally blind, receiving a blindness pension. The pilot project would test the effectiveness of numerous accessible methods and tools and integrate the most effective into an accessible learning environment.
The Pilot Project
A pilot project was conducted over a two year period, and the project went live in the third year. The pilot involved 19 legally blind students (all with <5% visual acuity and/or <10º field of view) progressively testing converted versions of the Cisco Certified Network Associate (CCNA) elearning materials. The participants were recommended by the local Association for the Blind. To be considered the low vision participants needed to be 18 years or older, have a working knowledge of the chosen assistive technologies, possess a basic familiarity with computers, and have a willingness to learn.
Methods used in the conversion of the e-learning materials were based upon techniques described in the literature and guidelines specifically for this disability group, plus a substantial amount of exploratory work as the pilot progressed. Cisco Systems Inc donated the required network equipment; however the pilot project was unfunded and relied upon voluntary academics to develop and teach the converted materials.
As in the live implementation stage to follow, the subjects were split into two groups, a sighted set of students forming a control group not exposed to the redeveloped accessible content and methods under evaluation and the second set of vision impaired students exposed to these methods for purposes of comparison.
Evaluation of the extent of accessibility of the Cisco e-learning materials at the commencement of the project (before any redevelopment work had commenced) reported that the assistive technologies used by the blind students enabled them to access no more than 20% of the regular Cisco e-learning materials. This result reinforced the need for alternative means of presenting these materials.
The results of the pilot were very encouraging. The pass mark in all Cisco examinations is 75%, and the vision impaired students scored an average of 92% in the first set of examinations. This result was the same as the sighted students in the control group who also scored an average of 92%. The standard deviations in grades for the two groups were also very similar. The success of this pilot inspired an expansion of the project into a sound deliverable program, and the use of vision impaired instructors to deliver the materials.
e-Learning Environment for the Vision Impaired
As the objective of the project was to develop an e-learning environment specifically to meet the needs of vision impaired students the following components were established: 1. A virtual classroom accessible by both remote and local students, and a physical classroom on campus for local students.
2. A remote laboratory for computer network design and testing.
3. Fully accessible curriculum consisting of a comprehensive set of online learning materials.
4. Delivery by trained vision impaired and sighted instructors, and specially designed teaching aids.
A profile of each student's vision impairment was considered and their use of assistive technologies to determine individual needs in the light of the learning objectives set. Although all the students in the class were legally blind, they displayed a range of vision disabilities. These profiles assisted in identifying needed resources and provided input to the planned teaching strategies.
Classroom Environment
The classroom environment comprised a virtual classroom utilized by remote and local students and a physical classroom for local students and instructors. The virtual classroom included a broadcasting and call management application enabling instructors to broadcast lectures and tutorials to local and remote students. The VoIP call management systems trialed were Cisco CallManager (http://www.cisco.com/en/US/products/sw/voicesw/ps556/), and Ventrilo (http://www.ventrilo.com/); however, apart from cost no discernable difference was noted between the products, both providing an acceptable level of service. It was necessary, however, to have a sighted teaching assistant manage the broadcasts as the status of listeners requesting interaction was driven by radio buttons on a visual display not accessible by screen reading software. Students logged in to the virtual classroom to listen to the lectures and participate in the tutorial exercises. The virtual classroom provided the facilities for students to talk to one another as well as communicate with the instructors, similar to a normal classroom environment. The lectures were recorded and made available as audio files on the project website along with other teaching materials for easy access by the students at any time. Remote communications occurred via VoIP with most students using freeware applications such as Skype for one-on-one communication.
The physical classroom comprised workstations outfitted with assistive technologies (in the form of screen readers and screen enlargers), router bundles, network equipment for the remote laboratory, a network simulation tool, and a course management server. Additional haptic and touch assistive technologies were trialed; however none were able to provide the necessary granularity of output required. All students are also able to access the e-learning environment via the Internet and have access to the same materials and equipment as those students in the physical classroom. Remotely located vision impaired students are not disadvantaged as they cannot see what is going on in the physical classroom due to their blindness. This is an advantage where travelling to the physical classroom is a hurdle to vision impaired students.
Remote Laboratory
A remote laboratory was established to enable both local and remote students to test their network configurations. This laboratory physically consisted of several network bundles and three servers. Using VMWare to produce virtual networks, students were able to configure the network accord-ing to the plans developed using the network simulation tool and test these in an isolated environment.
This facility gave the vision impaired students an opportunity to experiment with different network designs and discover how changes would affect their network in a live environment. The remote laboratory also enabled students located remotely to have the same facilities as the students attending the physical classroom.
Accessible Curriculum
Over the four year period the project was under continuous development, with extension and enhancement of the content and delivery mechanisms and adjustments to each new version of the learning materials released by Cisco. By the final year the curriculum included four fully accessible Cisco courses: IT Essentials 1 & 2 and CCNA 1 & 2. These courses form the foundation for two undergraduate courses in a bachelor program, introducing the vision impaired participants to study at the tertiary level.
The four-course Cisco program was designed to be presented over a twelve month period and provided the students with skills to:
1. Install, configure, and operate computer networks, The lectures were transcribed into Braille using a combination of Computer Braille and Unified English Braille code (UEBC). While much of the learning material can be presented using the contracted UEBC code a large proportion involved program code and technical matter requiring the letter-for-letter translation provided by Computer Braille. In today's generation of vision impaired youth Braille skills are not considered essential as screen reading applications can convert text to audio.
Delivery and Teaching Aids
One of the problems identified during the pilot project was that sighted instructors were not fully cognizant of the needs of vision-impaired students with relation to the presentation of concepts and materials. It was found that the vision-impaired students who had progressed to a more advanced level were able to explain these concepts in a manner the vision-impaired beginners could more easily assimilate. Two totally blind instructors were then trained to deliver the Cisco course materials aided by a sighted teaching support officer. These blind instructors had first-hand experience of the difficulties encountered by the vision-impaired learner and were active in the design of effective ways of presenting the learning materials. Lectures and tutorials were broadcast via the virtual classroom by the two blind instructors to local and remote vision impaired students. The audio lecture files were stored on the course management server for subsequent student access. Due to the interactive nature of the virtual classroom remote students were able to ask questions during delivery of the lessons. Quizzes were conducted regularly to review understanding of the work covered and determine the effectiveness of the teaching methods. Low vision and blind students worked together with the teaching team to prototype effective methods of delivery.
Both sighted and vision impaired students used the same equipment and laboratories; however classes were scheduled at different times as the noise created by the sighted students made it difficult for the vision impaired students to hear the audio output from their screen reader applications. The number of students completing each intake was the same: 19 vision impaired and 19 sighted. Sighted instructors presented the classes to the sighted students and vision impaired instructors to the vision impaired students.
Manual teaching aids developed included pegboards to explain binary-hexadecimal-decimal conversions and IP addressing, and dominos and wire to illustrate network topography. Dominos are flat plastic disks molded to emulate the icons used in diagrams in the Cisco teaching materials. Each domino represented a network component (such as a router or switch) and each component was easy identified by raised markings on the top of each domino. Later in the project a network simulation software tool, iNetSim, was developed for the students to complete network design exercises. iNetSim was used specifically in teaching router configuration, network management, routing protocol configuration, and setting access lists to control access to routers. It allowed configuration of virtual network devices including routers, switches, hubs, and PCs, and each device was able to have several ports of different types including Ethernet, serial, and console. Connections between devices were created by specifying two ports to connect, plus a cable type. Removing a connected port disabled the connection the same way unplugging a cable would in a real network. A command line interface to devices provided control and feedback over the simulation. The interface acted in a similar way to the operating system for that device type, for example, a generic DOS-like system for PCs and Cisco IOS for routers (Hope, von Konsky, Murray, Chew, & Farrugia, 2006) . iNetSim was designed to be operated solely with the keyboard, alleviating the eye and hand issues faced by vision-impaired students. As a GUI was also available, sighted students were able to use the more traditional drag-drop, mouse-based interface.
Although screen readers are able to translate Microsoft Windows operating systems into speech, the assistive technologies used by the vision impaired instructors and students were not able to access the Linux operating system. Linux skills form an essential part of the courses, so a speech synthesizer for Linux (comprising both hardware and software) was developed specifically for this purpose.
Results
Evaluation was undertaken at several stages during the project allowing early intervention to address potential problems. The main measures used for the final evaluation were the grades achieved by the vision impaired and sighted students undertaking the same courses plus feedback via student surveys. The student grades indicated the vision impaired students were able to access the materials and mastered the same skills and knowledge as the sighted students.
As the Cisco courses use electronic assessment quizzes, tests, and examinations, these instruments were converted into accessible formats to ensure the vision impaired students sat the same assessment items as the sighted students. The quizzes and tests related to specific modules, whereas the examination was attempted at the completion of all modules in a course.
The vision impaired students achieved similar ratings to sighted students in quizzes and tests, but took longer to cover the materials in preparation for these assessment events. The vision impaired students were not as confident of their knowledge or skills and spent significant time repeating exercises and re-reading notes. The additional work undertaken by the vision impaired students in preparation for the final examination in each course was observed to be 4-5 times that of the sighted students. The Cisco examinations have a pass mark of 75% and students must re-sit examinations until they achieve a minimum of 75% correct answers. Sighted students were expected to gain higher marks than the vision impaired students in the final examination; however, there was no discernable difference in the average scores of the two groups. There was also no difference in the number of examination attempts between the two groups.
In the first intake both groups of students achieved an average of 91.75%. In the second intake the vision impaired students gained an average of 86.90% compared to 83.99% for the sighted group in the same assessments (see Table 1 ). The results were closer in the third intake, with the vision impaired students achieving an average of 87.75% compared with 86.30% for the sighted students. The drop in grades between the first and second intakes was due to Cisco's release of a new version of the e-learning materials and assessments. The third line in the body of Table 1 shows the difference between the grades for the sighted and vision impaired students, measured in percentage grade. All achieved grades were within the 5% limit set. At no stage over the three intakes did the vision impaired students score grades lower than the sighted students, and in two intakes the average score was slightly higher. The higher scores can be explained by the dedication of the vision impaired students in response to a program specifically designed to improve their skills and employability. These students spent significantly more time reading and completing exercises out of class time than the sighted students.
The Cisco e-learning curriculum in its current form is considered an industry standard and has progressed through more than a decade of updates and enhancements. It is well tried and tested for sighted students. However, the curriculum redeveloped to offer an accessible curriculum alternative has not had the benefit of such in-depth testing and enhancement. To determine how successful the project has been in producing accessible e-learning materials feedback was sought from the vision impaired students undertaking the redeveloped courses. On completion of the courses the vision impaired students submitted completed questionnaires rating several factors, including the accessibility of the original curriculum, accessibility of the redeveloped curriculum, the effectiveness of the equipment provided in the laboratory, the effectiveness of the assistive technologies used (screen reading and text enlargement applications) in accessing materials, and the quality of the delivery of materials by the instructors. Tables 2 and 3 summarize the ratings given.
There was also a noticeable difference in the perception of the totally blind and low vision students as to accessibility of the original e-learning materials prior to re-development. Low vision students have a small amount of usable vision but this amount is so minor they still fall into the legally blind category. Although the range of ratings was the same for these two groups, the average rating for the low vision students was 1.33 with the totally blind averaging a 0.4 rating. Clear-ly both groups considered the original Cisco e-learning materials to be poor in accessibility; however those with low vision (but still legally blind) appeared to be able to access a small amount of these materials, explaining the higher average rating. The average ratings for accessibility of the re-developed e-learning materials across the three intakes for the groups of legally blind students were very similar: 4.38 for the blind students and 4.30 for those with low vision. This was a positive result indicating both the low vision and blind students felt the new materials were greatly improved in accessibility. The majority rated the equipment highly, achieving an average rating of 4.33 out of 5. Comments included "equipment has been of the highest standard," "computers have been upgraded," "a good consistent quality," "has always been of a high standard and always Cisco corporate networking equipment, what more could you ask for." The instructors rated highly at 4.55 and were supported by favorable comments, including "excellent," "very helpful with vision impairment issues and also questions," and "thorough and comprehensive."
Other factors surveyed related to the students' perception of the value of the skills and knowledge they have gained and their employability at the completion of the courses. Specific questions related to their knowledge of IT and computer networks before and after the training, how much they use the skills and knowledge they have gained, their employability before and now and whether the training had, in their view, improved their effectiveness on the job. The results of the survey are shown in Table 4 . Most vision impaired participants had a small amount of IT knowledge at the commencement of the project, the majority rating this at level 1. One student had some prior knowledge and rated himself at level 3. The average IT knowledge before was 1.35 compared to an average of 3.9 at the completion of the training courses. All students noted an increase in the knowledge levels.
Similar ratings were given for the employability of the students, with an average of 1.11 before the training and 3.78 on completion. The students' ability to apply the skills and knowledge was rated highly with an average of rating of 4.0 out of 5. The vision impaired students also considered their effectiveness on the job was now high, with an average rating of 4.35.
The positive ratings overall were encouraging for the project team and reflected significant success on the part of the vision impaired students. Involvement in the program had increased their self-confidence in their own ability and their ability to perform in an IT role in industry.
The vision impaired students in the three intakes required information and tasks to be organized in a linear fashion. Large amounts of information or complex data presented in tables were particularly difficult for the student to interpret without error. Their activities in undertaking practical exercises were also linear in nature.
Repetition of concepts, materials, and practical application exercises was a key factor in the vision impaired students' comprehension. Experiential learning is highly relevant to vision impaired learners. Additional time needed to be incorporated into the teaching schedule to cover the required repetition. The materials converted into Braille were largely ignored by the students who preferred to repeatedly listen to the audio lectures and use screen reading software to generate voice output from the online textual materials.
Prescriptive parts of the e-learning materials required substantial redesign for accessibility. None of the images or Flash diagrams was accompanied by explanations, with the screen reading applications used by the blind students instead describing the HTML tags. Drag and drop facilities, information presented in tabular formats, online quizzes, examinations and laboratory exercise descriptions and instructions were totally inaccessible. These problems reinforced the need to more fully consider accessibility issues at the curriculum design and development stages. Cisco Systems Inc. is gradually addressing these issues as new versions of the e-learning materials are released.
Another important observation throughout the project has been the amount of time the vision impaired students needed to cover the course materials. The time taken to complete the modules differs between students; however, in general terms the vision-impaired students require at least double the class time allowed for sighted students.
The e-learning environment developed specifically for the vision impaired has been used for both local and remotely located students. The same courses and equipment are used for distance learning as well as traditional classroom learning, thus alleviating the problem of low numbers of science and engineering courses requiring specialist equipment available via distance learning previously observed by Ndahi (2006) .
As a direct result of this research just under half of the vision impaired participants have continued with tertiary studies in IT at university. Completion of the four courses gave these students confidence in their ability to successfully complete undergraduate level studies and achieve at similar levels to the sighted students.
Limitations and Future Research
The nature of the project did not allow for a truly rigorous positivist approach regarding the structure of the two groups of students. Although the two groups of students completed the same learning outcomes utilizing the same equipment and some of the same materials (the accessible portion of the Cisco e-learning courses), the vision impaired students did not physically occupy the same classroom at the same time as the sighted students. In addition the sighted students were taught by sighted instructors and the vision impaired students by totally blind instructors.
With regard to hours of tuition the vision impaired students had a total of ten hours per week in the classroom, whereas the sighted students attended only six hours of classes per week to cover the same material. The vision impaired students needed additional time to study each topic in more detail and also required more time than the sighted students completing the remote network design exercises. Under these circumstances it was difficult to determine a weighting that accurately reflected success rates incorporating comparative time spent on each activity.
The project would benefit from broader research in the future on the most effective means of delivering the e-learning materials to different types of learners regardless of their vision capabilities. The instructors noticed that sighted students were regularly utilizing the teaching aids developed specifically for the vision impaired students and the usefulness of these applications and devices as general teaching aids for all students could be investigated.
One of the main observations by the teaching team was that the prescriptive e-learning materials had not been designed with accessibility in mind, and of most concern was the stand-alone nature of the images and flash diagrams which assumed the student had sight. Although alternatives for accessible output were trialed none were able to produce accessible images with the level of granularity required for the technical content (see Murray, 2009 , for an extensive description of the devices tested). As a last resort textual descriptions were written for each image, a timeconsuming and inefficient solution. Descriptions need to be incorporated into the web-based materials during the design and development stages highlighting the need for future research into effective means of presenting the informational content of images.
Conclusion
The successful e-learning environment developed comprised a virtual classroom enabling remote and local delivery of lectures and tutorial exercises, recorded audio lectures, converted learning materials including image descriptions for the graphical components, delivery by vision impaired instructors, manual and computerized teaching aids (the most significant being the pegboard, the network simulation tool and the Linux speech synthesizer), and the remote network laboratory for the configuration and testing of network architectures. From a project management perspective the elements of the e-learning environment for the vision impaired integrated well to provide the level of accessibility required and also give the vision impaired students confidence in their ability to learn and achieve the same learning outcomes as the sighted students. Due to the differing nature of their disability and background, each vision impaired student faced unique challenges and experienced varying achievements related to their disability. The vision-impaired often have other disabilities and health conditions that may affect their progress and consideration must be given to each student as a separate case.
Ratings of the quality of the learning materials appear to have increased over the period of the research. Students enrolled in the courses early in the project generally rated the converted materials lower than students undertaking them later in the project. This could be due to minor enhancements made to the materials on an ongoing basis. The use of vision impaired instructors who had previously undertaken and completed the same learning experience could also have affected the ratings.
An evaluation by the vision impaired students rated the e-learning environment highly and indicated their increase in useful IT knowledge on completion of the Cisco courses. Their confidence in obtaining full-time, relevant employment as a result of the training was positive, but not sub-stantial. The use of vision impaired instructors provided evidence that totally blind people can be employed in relevant and meaningful roles, giving much needed confidence to the vision impaired students. Ratings for both sighted and vision impaired instructors were high.
It was found overall that there was no discernable difference in the marks between the sighted students using the original e-learning materials and the vision impaired students using the accessible e-learning environment. This indicates that given a suitable environment and accessible elearning materials, people with acute vision impairment can achieve grades at the same level as the sighted. The majority of the vision impaired students are now either enrolled in bachelor courses or working in IT roles in industry.
